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Record of water levels in observation wells. ................................. The geologic formations exposed in the county are the Monroe Creek and Harrison sandstones of the Arikaree group, the Marsland formation, and the Box Butte member of the Sheep Creek formation--all of Miocene age. The Ogallala formation of Pliocene age is also exposed, and where its sandy and gravelly channel facies is well developed it is the best aquifer in the county.
The Chadron and Brule formations of the White River group of Oligocene age are not exposed in the county but are believed to be present at depth.
The locations of all irrigation wells, all observation wells which are being measured currently, a few other wells, and contour lines on the water table are shown on plate l. The records of all wells shown on plate l are given in well tables. A comparison of water levels in wells between 1938 and 1946 is given. The study in 1946 strongly confirmS the interpretation of Cady and Scherer as to the configuration of the water table, the general direction of movement, the depth to water, and the thickness of saturated materials.
Sixteen observation wells have been measured periodically during the past 9 to 13 years. During the 1946 investigation, additional observation wells were selected for periodic measurement. The water-level records are tabulated.
Construction and development of irrigation wells in Box Butte County are discussed and some suggestions for improving drilling technique are offered.
The yield of wells in the county ranges from 150 to 3,500 gpm. It is estimated that at no time in the past has the total withdrawal of ground water from wells exceeded 20 mgd. The maximum withdrawal of ground water for irri-2 The conclusion is reached that the total amount of water in storage beneath the county has not been decreased materially by pumping from wells, and that the wate~ pumped has been salvaged largely from ground water that would otherwise have been lost from the county by underflow eastward, by evaporation in seep and lake areas, and by discharge into surface streams.
Water pumped from the Osallala, Marsland, and Harrison formations of Tertiary age is moderately mineralized and hard~ For the water analyzed, the concentration of dissolved solids ranges from 225 to 702 ppm. Hardness in the several water-bearing formations ranges from lll to 238 ppm. Except for a high fluoride content in one sample, all the waters are satisfactory for domestic needs.
Increases in the dissolved-solids concentration are proportional to increases in sulfate. There is a considerable range in the percentage of sodium in the various formations1 and this relation bas a bearing on the desirability of the water for irrigation. All but one of the waters analyzed, however, rate good or excellent for irrigation.
INTRODUCTION Previous investigations
A study of the geology and ground-water resources of Box Butte County, Nebr., was made in the summer of 1938 by Cady and Scherer, and the results of this study are embodied in a comprehensive report (Cady and Scherer, 1946) . The report includes a detailed description of the geology and geography of the county, a county geologic map, a water-table contour map, and a depth-to-water map, a discussion of the hydrologic properties of the water-bearing formations, a tabulated inventory of representative wells that existed at the time the field investigation was made, data on the chemical quality of the ground waters, estimates of the rates of natural recharge, and a discussion of the rate and direction of movement of the ground water. At the time the field work was done for the report by Cady and Scherer only a few irrigationwells had been drilled in Box Butte County. Data on these wells were sufficient, however, to permit important inferences and conclusions as to the thickness of the saturated water-bearing materials beneath the county and as to the possibilities for further development of ground water for irrigation.
Purpose and scope of report During the period from 1938 to 1946 inclusive 65 additional irrigation wells were drilled, and the total number on record as of June 30, 1946, was 76 . Nine of these wells .have been abandoned; a few others never have been used systematically and persistently.
Five are wells drilled in 1946, for which pumping equipment was not yet available at the time of the field investigation. Thereore, as of June 30, 1946 , there were about 60 functional irrigation wells in the county, and it is believed that by the end of 1946 the number was increased to more than to.
Most of the irrigation wells drilled in Box
Butte County are within about 6 miles of Alliance, the county seat; the greater number of these wells are north and northeast of the town. The intensified local development of ground waterfor irrigation provided much additional useful. information on the quantity of ground water available for irrigation. The development also emphasized the need for additional field study and interpretation of data. The local success of irrigation projects stimulated county-wide interest and demand for information concerning the location and quantity of ground-water supplies, probable pumping lifts, and suitable types of well construction. About 9,000 acres of land had been placed under irrigation by the summer of 1946. Known plans of farmers, the availability of federal loan funds to finance irrigation projects, and the considerable area of irrigable land indicate that many more irrigation wells will be drilled in near-future years. Therefore, it is important that information be assembled to help the farmers and well drillers in planning and executing future irrigation projects in the county. The collection of additional information about the ground water in Box Butte County is also important to regional ground-water studies in connection with the Missouri Basin development program.
The ~port by Cady and Scherer (1946) contains a detailed description and discussion of the geography, land forms, geology and ground-water hydrology of Box Butte County. The present report, compiled as a supplement to the report by Cady and Scherer, does not, therefore, include a detailed review of those major topics. The topics are discussed only in relation to the special problems encountered in the construction, development, and use of irrigation wells, and the subsequent effects on the water table and ground-water storage.
During the course of the investigation in Box Butte County 12 samples of ground water and l sample of surface water were collected. Chemical analyses of the samples were made in -the laboratory of. the U. S. Geological Survey, Quality of Water Branch, at Lincoln, to determine the suitability for irrigation.
Personnel and acknowledgments
Ground-water studies by the U. S. Geological Survey in the Missouri Basin development program are under the field direction of G. H. Taylor, regional Data for the present report were gathered by the writer during the period from February 19 to June 17, 1946 ; however, a part 3 of that period was spent on ground-water work not related to the present report.
H. F. Haworth, P. C. Tychsen, M. F. Sunyok~ and F. G. Schnittker, of the U. S. Geological Survey, assisted in the drilling of observation wells both by hand auger and with a State-owned drilling rig loaned by the Conservation and Survey Division, University of Nebraska. Elevations of the land surface at wells and of the measuring points of wells were determined by John Franks, working under the supervision of T. T. Ranney, and by permission of C. L. Sadler, all of the Topographic Branch, U. S. Geological Survey.
Quality-of-water studies carried on in Box Butte County, Ne~r., Land owners, tenants, and well drillers contributed much information that materially aided the progress of the investigation.
Explanation of the well-numbering system
Well numbers used in this report are based on well locations within the Bureau of Land Management survey of the area. For example, in well number 27-47-5bb2, [lindicates the township, ll_ indicates the range, and 2_ indicates the section. The lower-case letters which follow the section number indicate the posi~ion of the well within the section, the first letter indicating the quarter section and the second letter the quarter-quarter section. The letters ~ Q., £.,. In the following list are given well numbers used in this report and their corresponding numbers in previous Water-Supply Papers of the U. S. Geological Survey. Table 7 includes data on all irrigation wells in Box Butte County that had been drilled, or in which drilling had begun, .prior to July 1, 1946. The water-bearing properties of the geologic formations were interpreted from these data, from logs of 20 wells (see table 6), and from field examinations of the water-bearing formations in their outcrop areas. The class!fication of rocks that is used in this report is that used by the Nebraska Geological Survey.
Tertiary system
Oligocene series _White River group_
The Chadron and Brule formations of the White River group in western Nebraska are exposed principally in the valleys of the North and South Platte Rivers and in the northern parts of Sioux, Dawes, and Sheridan Counties. These formations are believed to be present at depth beneath Box Butte County and beneath younger Tertiary strata throughout the rest of western Nebraska, although in parts of the area they may have been removed by erosion prior to the deposition of the younger sediments. No wells in Box Butte County·are known to obtain water from the formations of the White River group.
Chadron formation.--The Chadron formation is an important source of small water supplies for wells and springs in parts of the ·northern High Plains. Its thickness and extent beneatn Box Butte County are not known, but it probably is lithologically similar to rocks that crop out north and southwest of Box Butte County; in those localities the formation is 50 to 100 feet thick but is too fine-grained and argillaceous to be highly permeable. Therefore the formation probably would not yield suffi~ient water for irrigation projects in Box Butte County. Inasmuch as adequate supplies of water are present in formations younger than the White River group, it is unlikely that it will be necessary to explore the Chadron for even small supplies.
Brule formation.--The clay, silty clay, and thin volcanic-ash layers of the upper part of the Brule formation are not sufficiently permeable to transmit large quantities of ground water, although in some localities in western Nebraska fracture zones in the formation yield large amounts of water. The sandy clays and channel sandstones of the lower part in some places may also yield small am9unts of water to wells and springs. The thickness of the Brule formation ranges from 325 to 6oo feet in areas where it is exposed.
Miocene series Arikaree group
Formations of the Arikaree group, particularly the Harrison sandstone, are among the most important water-bearing rocks in Box Butte County. These formations yield water to wells much more readily than rocks of the overlying Hemingford group but are inferior to the channel sand and gravel facies of the Ogallala formation (Cady and Scherer, 1946) . Because of their wide distribution beneath the surface, these formations are of great regional importance.
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Gering and Monroe Creek sandstones.--The Gering sandstone, which ranges in thickness from 100 to 230 feet in Scotts Bluff County, does not crop out in Box Butte County. Although possibly present under part or all of the county, it has not been positively identified in well cuttings in the county. The Monroe Creek sandstone crops out along the Niobrara River valley in the northwest part of the county, and where fully exposed in adjoining counties ranges from 285 to 370 feet in thickness. Well 28-51-6da penetrates the Monroe Creek and possibly the Gering sandstone. The owner stated.that the well was drilled through 25 feet of unconsolidated river sand and gravel, then through 285 feet of sandstone, and then through about 20 feet of conglomerate. The relatively low yield of 150 gpm from this well is believed to be caused partly by tbe type of well construction and not entirely by the poor wateryielding capacities of the Monroe Creek and possibly Gering sandstones that it penetrates. Only the upper 20 feet of the well is cased. It has never been adequately developed or tested. The discharge per foot of drawdown in well 28-51-6da is 6 gpm, but this low specific capacity is not considered to be a fair index of the water-yielding capacities of the Monroe Creek and Gering sandstones. These sandstones are, however, noticeably finer-grained, more indurated, and less permeable than the overlying Harrison sandstone. Their permeability and transmissibility are perhaps intermediate between those of sandstones of the Marsland formation and those of the Harrison sandstone. The owner's description of materials encountered in well 28-51-6da does not indicate that it penetrated the White River group. If, as the scanty-data do indicate, the Brule formation was not reached, the combined thickness of the Gering and Monroe Creek sandstones in northwestern Box Butte County is greater than has been supposed, and the thickness of saturated-sandstones beneath the valley of Niobrara River is considerably more than the 100 or more feet inferred by Cady and Scherer (1946, p. 44 No irrigation wells in Box Butte County are known to depend exclusively on the Marsland formation for water. Three wells (25-47-7bb, 25-48-2ab, and 26-48-36ab) 
Pliocene series

Ogallala formation
The Ogallala formation, where its sandy and gravelly channel facies is well developed, is the best aquifer in Box Butte County. The coarse sandy and gravelly beds are well developed in the middle portion of the channel facies in the area near Alliance and they extend northeast of that town. Irrigation wells in that area have the largest reported yields in the county. Six wells, whicli apparently draw water largely from the Ogallala formation but penetrate differing thicknesses of other formations, have an average reported yield of 1,375 gpm and an average specific capacity of about 34 gpm per foot of drawdown. Twenty-three other wells, believed to draw water entirely or almost entirely from the Ogallala formation, have an average reported yield of 1,286 gpm and an average specific capacity of 42.5 gpm per foot of drawdown. Three of the wells in the Ogallala formation have been excluded from this computation: 25-48-36c, because it was a small test hole that was never pumped at a high rate; and 24-48-3lba and 24-48-3lbc, because their reported drawdowns are too small and the resultant specific capacities too high to be acceptable without confirmation. 200.6 -6.6 put down by the sand-bucket method. A typical installation consists of one well equipped with a deep-well turbine pump that is driven by an electric motor, stationary engine, or tractor engine. The wells are cased with boiler steel, galvanized steel or iron, or black iron casing, and their· diameters range from 6 to 36 inches. The majority of casings are 18 inches in diameter. The casing in most wells is perforated or slotted between the static water level and the bottom of the well. The bottom of the casing is generally open or filled with a few inches of coarse grav~l; the bottoms of a few wells, however, are filled with concrete. The top of the casing is commonly allowed to project a few inches above the land surface and may be encased in a concrete curb.
In Box Butte County the irrigation wells are generally gravel-packed by artificial means • A hole, usually from 18 to 30 inches in diameter, is drilled, and a perforated casing that is smaller than the hole is set on the bottom. The annular space between the perforated casing and the wall of the hole is then filled with coarse, unsorted gravel and sand containing particles that range from medium sand-grain size to pebbles 1! inches in diameter. The pump and power unit are then installed and pumping is begun. A large quantity of fine sand, silt, and cla~ from 1 to 10 percent Of the fluid pumped, usually comes out with the water during the initial pumping period. The gravel that was introduced in the annular space sinks and spreads to replace the sand pumped from the well, and additional gravel is fed into the top of the annular space. Usually a hole cased with 4-inch galvanized iron pipe is left in the concrete curb to allow for additions of gravel into the annular space as pumping continues.
The common practice during the early stages of development of a well is to pump sporadically for periods of one to several hours at the convenience of the owner or available help. Reliable estimates indicate that the total quantity of sand pumped from a well in the first few weeks or months of operation may be from 1 to 100 railroad carloads. The coarse sand is shoveled from the ditches and the fine is allowed to spread over the· farmland.
The methods by which irrigation wells are drilled, and the drilling tools used in Box Butte County, are largely improvised. These methods and tools have served remarkably well for drilling many wells, especially where the upper part of the hole is in the relatively well-consolidated and compacted Marsland formation. Generally, most of the beds in this formation will not cave in an open hole, but some of the unconsolidated beds are troublesome in this respect. The loosely consolidated sanqs in the Ogallala formation are especially susceptible to caving; and the Harrison sandstone is troublesome in some localities, especially where it is not protected by overlying consolidated beds. Serious caving can sometimes be prevented if the hole is kept full of water during drilling operations. Nearly all well-drilling operations in the county have been hampered to some extent by caving; in a number of 9 wells it has been a serious problem, and several wells have caved so badly that drilling was abandoned with a considerable loss of time, tools, and money. Drillers have had much trouble in some areas preventing loss of drilling water into highly permeable strata or into open crevices in strata lying above the water table.
Nearly all the water-bearing materials in Box Butte County are fine grained. The development of wells in these materials presents problems that require considerable ingenuity to solve. Undoubtedly, there are special drilling problems peculiar to this region and to the water-bearing formations in it. Lessons gained from experience in other areas of similar geology and ·hydrology can, however, be used to advantage in this area. Use of dummyl casing, with necessary adaptive changes in drilling tools, would be desirable. The use of dummy casing also facilitates the sealing of permeable layers and open channels above the water table where drilling water is lost.
Examination of sands pumped from wells in Box Butte County shows that much CYf the unsorted gravel used for gravel-packing is too fine and is pumped out of the wells. The use of sorted gravel of specified grade sizes would reduce the amount of gravel used, reduce wear on pumps, and possibly decrease the drawdowns in wells, with consequent savings in operation costs.
Most wells are equipped with perforated casing, either vertically slotted or with shutter-type openings. The most common size of opening is 3/8 inch. Further investigation and experimentation are needed in Box Butte County to determine the drilling methods best adapted to the geologic conditions in the county. Special attention should be given to the most suitable methods 1 A dummy casing is a casing which has a diameter slightly larger than the diameter of the drilled well and which is sunk to the bottom of the well either during the drilling process or immediately after drilling is completed. Its purpose is to prevent the hole from caving and to facilitate gravel packing of the permanent screen. The dummy casing is withdrawn as the gravel pack is placed to uncover the perforated casing and to allow water to flow through the packing from the water-bearing material.
of gravel-packing, the most efficient gravel sizes for the gravel pack, the most effective types of screens·or perforated casings, and the most suitable methods of well development.
Methods of well drilling and construction currently in use in the county are successful to the extent that a rather large number of wells have been constructed and the majority of these, once completed, have been satisfactory. However, about 25 percent of the total number of wells started have been lost during construction because of caving.
About 75 percent of the remainder gave some trouble by caving or other mishap before completion of the development process. Excessive amounts of sand are pumped from a large percentage of wells, and some r.ontinue to yield sand after months of operation. The amount of sand pumped far exceeds the amount of gravel introduced in most wells and indicates that large underground cavities exist around some wells. The subsurface rocks apparently are sufficiently competent to prevent, for a time, the collapse of the roofs over cavities of this sort, ~ut roof collapse is a future possibility and might result in serious property or other loss.
The effectiveness of well development could be increased by using better pumping methods during the development period. Pumping should begin at a low rate and continue until the water clears; the rate of pumping should then be increased and held constant until the water again clears; and this procedure should be repeated until a yield a little greater than the maximum desired rate of pumping is reached. The permanent pump should not be used to develop a well as the large amount of sand pumped from wells in the county causes excessive wear of working parts and may result in a pump that is badly worn before utility pumping begins. For details on methods of drilling and developing irrigation wells, the reader is referred to reports by Davison (1939) , Bennison (1943) , and Rohwer (1940~. Costs of construction and pumping A comprehensive study of construction and pumping costs was not made. The cost of individual installations, including drilling, casing, development, and installation of permanent pumping equipment, ranged from $2,000 to $6,000 at 1946 prices. Disregarding the initial cost.of equipment, d!esel power is believed to be cheaper than electric power at 1946 prices. According to owners' reports, an installation on a well southwest of Alliance, powered by electricity and having a total pumping lift of about 51 feet, costs $1.12 an hour to operate at a pumping rate of 1,8oo gpm; another pumping plant on a well west of Berea, powered by a diesel engine and having a total pumping lift of about 175 feet, costs $0.48 an hour to operate at a pumping rate of about 1,300 gpm.
The yields of ohly a few wells in Box Butte County have been accurately measured. The reports of drillers, well owners, and well users have necessarily been depended upon heavily throughout this report. On the basis of measurements and reports, the average yield from 75 irrigation and municipal wells in the county is about 1 1 000 gpm. Individual yields range from 150 to 3,500 gpm. If all 75 wells were pumped 24 hours a day, the total daily withdrawal would be about 108 million gallons, or about 330 acre-feet of water.
However, not all wells are pumped continuouaiy and none are pumped every day during the entire irrigation season. Moreover, a number of the wells do not yet have permanent pumping equipment and have been pumped only a few hours at a time during development operations. It is estimated that at no time in the past has the total withdrawal of ground water in the county exceeded 20 million gallons a day.
The average yearly irrigation period is about 4 months • Thus, the withdrawal of ground water for irrigation during 1946 is estimated to have been about 7,300 acre-feet or less.
The amount will doubtless increase progressively in future years. Cady and Scherer (1946, p. 55) estimated that, in the central tableland of the county, the average annual ground-water recharge from precipitation on the land surface is about 23,800 acre-feet of water. If the estimated annual withdrawal of water from irrigation wells is even approximately correct, the withdrawal of ground water in the tableland during 1946 amounted to less than a third of the estimated average annual recharge from rainfall. Moreover, an appreciable quantity of the water that is applied to the land surface for irrigation seeps downward to the zone of saturation. Quantitative data on this source of recharge are not available. If the above estimates are valid, the Box Butte tableland area can support considerably more development of ground water for irrigation. The quantities of water withdrawn to date have not noticeably lowered the water levels in wells. Therefore, it is inferred that the total amount of water in storage beneath the county has not been materially decreased by pumping from wells. It is also inferred that the water pumped has been salvaged largely from ground water that would otherwise have been lost from the county by underflow, probably eastward into Sheridan County; by evaporation and transpiration in areas where the water table is near the surface of the ground; and by discharge into surface streams and into lakes.
to wells. Except for the public-supply well of the city of Alliance (25-48-36bc) , all other wells sampled were supplying water for irrigation. Five of the samples represent mixtures of water from two or more waterbearing formations. Because of the very limited data available, the character of the water from the various strata can be described in only a general way.
The results of analyses of samples from the several water-bearing formations and from Bronco Lake are given in table 2. The wells are listed by field location and geologic source. 
THE CHEMICAL QUALITY OF THE WATER
General
All ground-water samples were obtained from deep wells that tap deposits of Tertiary age at depths from 16o to 408 feet. No samples of water from alluvium were obtained as the alluvium is reported to yield water sparingly water samples, was less than 500 ppm. All waters were fairly hardj the hardness as CaC03 ranged from 111 to 238 ppm. Most of the hardness is the carbonate or "temporary" type and is removable by application of heat. Percentages of sodium are variable, ranging from 5 to 62. The results of total iron determinations for about half the samplesindicate no particular iron problems in waters from these formations. (See fig. 4 .} There is considerable 
Source
:::; _, variation in the ratio of calcium to sodium, whereas the percentage of magnesium remains relatively uniform. As the bicarbonate concentrations remain more nearly the same, it can be concluded that most of the increases in the content of dissolved solids must be due to increases in sodium su~fate. Evidence is lacking as to whether this accretion is due to direct addition of sodium sulfate (Glauber's salt) or to increase in calcium sulfate (gypsum) followed by base exchange. appears to be affected by the .more concentrated waters of Bronco Lake, which is an undrained depression (Hayes and Agee, 1918, p. 6 ). The lake is fed by seepage and surface runoff from the tablelands. Evaporation of these waters has subsequently increased the salt content of the lake.
Water from well 25-47-32bb has about twice the mineral content of the other waters from the Ogallala, and the dissolved solids are 
Water in the Ogallala formation
Four of the water samples obtained from wells in the lower part of the Ogallala formation, at depths that range from 170 to 307 feet, are very similar, both in dissolvedsolids content and in the quantities of the individual constituents. The dissolvedsolids concentrations range from 303 to 374 ppm, and the hardness ranges from 151 to 238 ppm. Wells 24-48-6dal and 24-48-6da2, both 200 feet deep, near Bronco Lake, are probably drawing water from the same aquifer. The only significant difference in the chemical character of the two waters is the ratio of sodium to calcium. Neither of the waters composed largely of sodium sulfate and sodium bicarbonate. The chloride content of 41 ppm is significantly higher than that obtained in other ground waters sampled. This would indicate that there is considerable variation in the distribution of soluble minerals in the formation or that ground waters do not move as freely in the part of the formation that is represented by the sample.
Water in the Marsland formation
Although only a single sample was obtained from the Marsland formation, several mixed waters from the Ogallala and Marsland formations and Marsland and Harrison formations were analyzed. Waters from the Marsland formation, as represented by samples from wells 24-47-4ba and 27-47-17db 1 are similar to the high sodium sulfate water in the lower part of the Ogallala formation. (See table 2 .) However, the dissolved-solids concentrations of 418 and 347 ppm are about the same as those observed in the normal bicarbonate waters in both formations. To some extent the higher sodium ratios in representative waters from the Marsland formation could be related to the lower permeability of the materials in this waterbearing stratum. The supply from well 27-47-17db has a higher fluoride content (2.0 ppm) than other waters sampled.
Waters from the Marsland and Harrison formations are very similar to waters from the Ogallala formation that are characterized by a moderately low dissolved-solids content, composed principally of calcium bicarbonate. These waters are hard and probably represent a mixture of waters from the two sources.
Water in the Harrison formation
The sample from well 26-52-lObc (198 feet deep) in the Harrison formation has the lowest dissolved -solids content (225 ppm}-of all waters analyzed. The mineral character of this water is comparable to that found in the waters in the overlying Ogallala formation. Mixtures of waters from the Harrison with those from the Marsland and Monroe Creek formations have a lower percentage of sodium than the unmixed waters from the Marsland. As in some water samples from other formations, small amounts of carbonate are found. Cady and Scherer (1946, p. 82 Except for small changes in the quantity of bicarbonate and hardness, the water has remained nearly uniform in character.
Quality of water in relation to use
According to the drinking-water standards published by the U. S. Public Health Service (1946) , the limits of a few common chemical substances in waters to be used in interstate traffic are as follows: (1 1 000 permitte~ These data are useful for comparison with results obtained for waters in Box Butte County. It is noteworthy that, except for one sample, all waters analyzed had less than 500 ppm of dissolved solids.
Well 25-48-36bc (city of Alliance) is the only supply sampled that~urnishes water for domestic needs. Except for being quite hard (216 ppm), the water is of satisfactory quality. No iron analysis was made; however, the iron concentrations in waters in the various formations are gener~lly low.
It should be noted that the fluoride content of 2.0 ppm in one of the waters from the Marsland formation (well 27-47-17db) is slightly higher than is desirable in drinking waters. Concentrations of fluoride that exceed 1.5 ppm are associated with the permanent mottling of the enamel surface of the teeth of young children who use this supply more or less continuously.
With respect to use for irrigation, most of the waters rate excellent or good by the method of rating proposed by Wilcox (1948, p. 27 ). This method considers the relation of percentage of sodium and specific conductance (expressed in micromhos per centimeter at 25°C) in the water. Specific conductance (see table 2) is an electrical measurement of the total ions in the water and is useful in approximating the dissolved-solids content of the water. Because the conductivity measurement can be easily made in the field, it has wide application in agriculture for the expression of concentrations of dissolved minerals in soil solutions and natural waters. The various classes or groups proposed are more easily seen in figure 5· Waters that have a specific conductance of less than 2,000 micromhos at 25°C and a percentage of sodium of less than 50 are satisfactory for irrigation. Waters of lower specific conductance have a higher allowable percentage of sodium. Investigators have observed that small quantities of boron are essential to
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growth of most plants; however, concentrations of boron that exceed 1.0 ppm may be harmful in waters used for the irrigation of boron-sensitive plants. Concentrations of boron in the waters analyzed were less than 0.40 ppm. Wilcox (1948, p. 27 ) assumes, in rating waters for irrigation, that normal conditions exist with reference to soil, crop growth, quantity of water used, and drainage. All the waters analyzed, with one exception, have a chemical quality that is satisfactory for irrigation. Water from well 25-47-32bb rates "permissible"; the lower rating is given by reason of a high percentage of sodiUm (62) and a relatively high conductivity (1,030).
The ratings given above provide an index of the quality of waters in the deposits of Tertiary age only, and they are not to be construed as representatiye of other waterbearing strata in the area.
Conclusions
Results of analyses of 12 water samples from wells in deposits of Tertiary age indicate that supplies from these sources are moderately mineralized and hard. The waters show similarities in chemical character, although some differences occur in both the quantity of mineral substances and the degree of hardness in waters from the same fo~on. Generally, an increase in dissolved-solids concentration is associated with a proportional increase in sulfate. All the waters analyzed had appreciable quantities of silica.
Although somewhat harder than is desirable, the waters are generally of satisfactory quality for domestic needs. The results of the few analyses that were made of iron indicate that quantities of iron in the various waters are probably low. One sample from the Marsland formation had 2.0 ppm of fluoride; otherwise the quantities of fluoride are less 17 than the maximum limit suggested by the U. S. Public Health Service.
All but one water rated good or excellent for irrigation; however, the percentage of sodium in the various formations is variable and examination of waters from other than Tertiary water-bearing strata should be made prior to use for irrigation. No samples were obtained from the alluvium as only limited supplies are ailailable from that source.
RECORD OF WATER LEVElS IN OBSERVATION WELlS
Depth-to-water measurements in 33 observation wells are shown in [ 
